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In the beginning the was the Idea...




...then a lot of Hard Work...

Data (calibration) samples 2006-2007 - T
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.and finally...
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2 HERA: The World’s Only ep Collider

HERA-1 (1993-2000) ~ 120 ph~!
HERA-2 (2003-2007) ~ 380 ph~!

Final Data samples
H1+ZEUS: 2 x 0.5 fb~!
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400 T T T T ‘ T T
[ —— electrons

- —— positrons
F— lowE

300

E=27.6 GeV

| EF920 GeV

e 1998 E, upgrade: 820 = 920 GeV
(v/s: 301 = 319 GeV)

200

H1 Integrated Luminosity / pb™

100

e 2001 HERA-2 upgrade: £ x 3, Polarised e /e” e
((P) = 40%) 0 500 1000 150(

Days of running




3 Deep-Inelastic Scattering at HERA

1"

- M HERA Kinematics

Neutral Current DIS: ep — ¢'X
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Kinematics:
Momentum transfer: Q2 = —¢?
Bjorken x: r=Q*/(2p-q)

Inelasticity: y=(@p@-q)/(p-1)



Physics landscape at HERA

e HERA as Super-microscope

> Proton structure at high resolution
> Impact for LHC
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Physics landscape at HERA

e HERA as Super-microscope

> Proton structure at high resolution
> Impact for LHC

e HERA as Energy frontier machine

> Electroweak unification at work
> Anything beyond the Standard Model?

g TEVATRON g

LHC
e HERA as QCD laboratory

> Putting QCD in stringent tests with:
o Jets (parton evolution schemes, NLO QCD, «)
o Heavy flavor sector (multiscale problem: Q?, My, E})
o Diffraction (interplay of soft and hard physics)

> HERA specifics: lox x physics

i Search for Novel Phenomena
i Precision Measurements




5 HERA at Energy Frontier

Unpolarized DIS cross sections oS (€ p) = (1 £ Po) - ogs 1(e*p)

HERA HERA Charged Current e “p Scattering
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6 Anything beyond the SM ?

H
V5 = 319 GeV -

TEVATRON

LHC

So far all NC and CC HERA data were in good agreement with the SM.
Try to look more carefully at the tails, using two strategies:

1. Specific BSM signals search (LQ, LFV, SUSY, ...) — guided by theory

2. Model independent generic search (data vs SM) — guided by data



7 Leptoquarks ?
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2011: Final status

H1 Search for First Generation Leptoquarks
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g Model independent search for New Phenomena

T : H1G | Search at HERA (e *p, 285 pb™
e Identify isolated objects: e A A Al R AR

€, Uy Yy sV

e Select events, having at least two "
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e Classify into exclusive channels e-e
containing from 2 to 5 objects

e Compare with SM predictions e_;;-;'
= good overall agreement y-e ]

e Find interesting regions y-eti
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8 Model independent search for New Phenomena

e : H1 General Search at HERA (e “p, 285 pb H1+ZEUS, 0.59 fb~*
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9 HERA as a Super-microscope

F H11992,L=225nb™  H1 1996-2000, L = 20+22 pb
Q@*=15GeV? || Q%*=15GeV?

- — H1PDF 2009
© BCDMS, NMC
* H1

dotted lines show the spread in predictions
prior to HERA startup (1992)



9 HERA as a Super-microscope
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9 HERA as a Super-microscope
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10 HERAPDF for LHC

Knowledge of gluon without Knowledge of gluon with
HERA data. HERA

W cross-section
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11

HERA as QCD factory

Elastic J/y Photoproduction

1 central jet + 1 forward jet
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Precision QCD
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12 Jets at HERA
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13 Diffraction at HERA

B Fundamental aim: understand high energy limit of QCD (gluodynamics; CGC ?)

B Novelty: for the first time probe partonic structure of diffractive exchange

B Practical motivations: study factorisation properties of diffraction; try to transport to
hh scattering (e.g. predict diffractive Higgs production at LHC)

e
e Q
B }M
Xp
P o P’ (My)
-t/

Experimental methods:

1) selecting LRG events

2) detecting p in Roman Pots

IB —_— —Q2 = 2 = —
— Q2+M2 a/IP
(fraction of exchange momentum, coupling to v*)

/
t=(p—p)
(4-momentum transfer squared)

HFS!

Electron

Proton LRG

+Z

FPS, VFPS



RFT: soft hh scattering vs QCD: deep inelastic ep scattering

e Hadronic degrees of freedom e Partonic degrees of freedom
e Validity: large s >t e Lowz: W?2> Q% t (Q*/W? =z < 1)
e [P dominates: ap(0) > ap(0) e gluons dominate: zg(z) > rq,u(x)
— O x5O0~ Fy(r,Q%) < zg(x) ~ 27
e Unitarity corrections unavoidable e Saturation of the zg(z)
(00t < In*(s/s9) at s — 00) (non-linear effects, shadowing, ...)
e When? Ssat =7 * xsat(Qsat) =7

o First to be seen in diffraction: o o« s>~ e First to be seen in diffraction: op o< |zg(z)|?

= Diffraction = Physics of the Pomeron, = Diffraction = Gluodynamics,
the essence of strong interactions the essence of QCD
(in high energy limit)
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First observation
of diffraction in DIS
1992 data, 24.7 nb—!

Inclusive Diffraction in DIS



15 Inclusive Diffraction in DIS
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First observation
of diffraction in DIS
1992 data, 24.7 nb~! over a wide kinematic range. Clear candidate for the textbook!

e Compelling confirmation of the NLO QCD picture of diffraction



16 Exclusive Diffraction at HERA

Since its advent HERA radically changed landscape in this field:

(0,9, ...)

(p’ MY)

Development of colour dipole approach from VM production to DIS (Nikolaev, Zakharov, Bjorken,...)
Collinear factorisation framework = access to GPDs and parton correlations in the proton

Relation to F, and oy, via Optical Theorem

Universal Pomeron vs perturbative gluons, interplay of soft and hard physics

Multi-scale problem: (Q?, ¢, Mass - what is the relevant scale here?

Check Regge factorisation hypothesis at the proton vertex
Since v and VM are spin=1 particles = sensitivity to helicity properties of diffractive scattering

= Rich physics program



v Diffractive electroproduction of p and ¢ mesons at HERA

0 e
e N\
v*
VM
p NN Y

Editors: X. Janssen, P. Marage

Volume: 111 pages, 48 figures, 53 tables



v Diffractive electroproduction of p and ¢ mesons at HERA

0 e

VM

P \_/ Y

Editors: X. Janssen, P. Marage

Volume: 111 pages, 48 figures, 53 tables

J— / .
ap(t) =ap(0) +afp -t ~ transverse size
— I — T T o e o S
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Transition from soft to hard behavior at u? ~ 4 — 5 GeV?
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Further Diffractive Topics

e Jets in diffraction
e Investigation of QCD factorization breaking (yp vs DIS)

e Extracting DPDFs using global QCD fit of all available HERA data



18 Ongoing Diffractive Analyses

e Jets in diffraction

e Investigation of QCD factorization breaking (yp vs DIS)

e Extracting DPDFs using global QCD fit of all available HERA data

In all these analyses activity and great expertise of Belgium groups is absolutely valuable.

Using now HERA results and experience for low = physics and diffraction at LHC




19 Summary

B Standard Model survived 1 fb—! of HERA data and is still in a good shape.
Next challenge is now coming from the LHC - stay tuned!

B Combining H1 and ZEUS data allowed proton structure to be measured
with unprecedental precision

B NLO DGLAP is surprisingly successful down to low Q2 and low x in describ-
Ing bulk of HERA data. However, some room for parton evolution beyond
DGLAP is found at specific phase space corners = important message for
LHC

B Gained new insights into high energy diffraction: Pomeron under the HERA
microscope shows complicated interplay of soft and hard phenomena.
Understanding colour singlet exchange remains a major challenge in QCD

B There is a wealth of unique data from HERA. All efforts are taken to save
them for possible future analysis, MC models tuning and outreach purposes



20 More heritage from HERA

% Unique experience how to build and run such a complicated asymmetric
collider (SC magnet technology, beam diagnostics, specific background
problems etc.) Invaluable for any future ep machine (eRHIC, LHeC, ..)

* HERAFitter — A platform originally developed at HERA and now evolved into
an open source project including also LHC experiments and theory groups

% Data Preservation Project — Another DESY initiative started in 2008 which
by now includes all major HEP experiments and recognized at high inter-
national level



21 HERAFitter

HERAFitter: Proton Structure from HERA to LHC

* Open access QCD/PDF infrastructure based on i =g
collaborative approach of HERAPDF ul-// ‘\'“JJ
- Exploit DESY expertise in the field of Proton Structure 2 Common QCD o
. Promote the HERA Physics at LHC: 1 § 07 < FitFramework 2
HERAFitier ' r
— Endorsed by H1, ZEUS, ATLAS, CMS - HERAS Hier P
i . P
* Project discussed with and supported by the PRC Usar PDF . - g C .
* First LHC publications based on HERAFitter
Data:
' = ) _
* :lERdA, Tevatron, I__HC FEirst beta EHEMFEHW workshopl ‘ "‘Beta 2 |
ixed target experiments e 4 inMarseille )}/ release |
e Inclusive DIS, Jets, Diffraction |
Drell-Yan, Top, W, Z prod. o PR o~ ~ o~
aﬁ %8 - g — &= E.H
Theory: n& n =R T4 =] <&
Different HF schemes,
Different evolution codes, T Breseniation tothe | Eirst LHC publication| oo ks e
FastNLO, Applgrid, Hathor, LHC community ) using HERAFitter S e
NNPDF rewelghtlng’ arXiv:1203.4051 :,‘.E?E:nm;:rg::rfzﬁ”;\i OO

Dipol model
http://projects.hepforge.org/herafitter

|7




22 DPHEP Project

e All major HEP experiments
and organisations involved

e Several models adopted for
presevation strategy, including
data integrity checks and

B a} Institute of High Lnergy Physics # g! A.‘ o aUtomated S/W Val |dat|0n ’
cH i Chinese Academy of Sciences Fermilab qhn‘

- | e Non-digital Documentation,
‘@J Eerson Lab D scnce s oy Education and Outreach

NATIONAL LABORATORY

LW
Co7h: _ ' BROOKHAVEN
"J‘) /L

- 5 Workshops held in 2009-2012 pruep
- Important milestone reached with recent publication Chair
. . Steering Committes
- DPHEP is now moving to a new phase -
- Funding is needed, from within HEP, or from EU (FP8) Pt Wil

- Next Workshop is in Marseille, 19-21 November 2012

The project is endorsed by ICFA and is in full swing " Cammitee



1992 - Startup; 2007 - End of Data taking; 2012 - Finilizing Analyses
These were two extremely exciting decades!
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1992 - Startup; 2007 - End of Data taking; 2012 - Finilizing Analyses
These were two extremely exciting decades!

Sad ? No! Deeply thinking...



